Abstract This paper proposes a novel procedure that uses a combination of overlapped basic convex shapes to decompose 2D silhouette image. A basic convex shape is used here as a structuring element to give a meaningful interpretation to 2D images. Poisson equation is utilized to obtain the basic shapes for either the whole image or a partial region or segment of an image. The reconstruction procedure is used to combine the basic convex shapes to generate the original shape. The decomposition process involves a merging stage, filtering stage and finalized by compromising stage. The merging procedure is based on solving Poisson's equation for two regions satisfying the same symmetrical conditions which leads to finding equivalencies between basic shapes that need to be merged. We implemented and tested our novel algorithm using 2D silhouette images. The test results showed that the proposed algorithm lead to an efficient shape decomposition procedure that transforms any shape into a simpler basic convex shapes.
Ⅰ. Introduction
Shape recognition has been consistently gaining importance throughout the last few decades. This decade in particular online image databases has immensely increased. Shape recognition has been an important tool that can simplify image retrieval for many image databases. The description of the image visual content is at the heart of content-based image retrieval.
Shape decomposition can be viewed as a representation of a shape into combinations of basic components. This involves representing an image as complete disjoint sets of connected basic regions. Such a representation comes from psychological evidence that the human visual system uses a partial shape representation rather than complete shape representation.
Several techniques have been used to decompose shapes into simpler common attributes [1] . Convexity has been widely studied and considered for the decomposition of 2D objects into meaningful visual parts. Convex parts of shapes can be identified from shape contours [2] . In addition to convexity decomposition, there have other techniques such as morphology [3] , modal analysis [4] , Poisson equation [5] , convex polygons [6] [7] [8] and others [9] . Poisson equation's approach assigns every silhouette internal point a value reflecting the mean time required for a random walk to hit the object boundary. This function can be computed by solving Poisson's equation with the silhouette contours providing boundary conditions. However, the drawback of this technique is that it may not produce meaningful results. A combined skeleton and boundary approaches may add more meaningful description [10] [11] [12] [13] [14] . Shape decomposition can be performed more efficiently on the skeleton than on the full object for many operations [15] . An approximate convex decomposition was proposed in [16, 17] . This approach has been shown to generate meaningful components [18] through introducing some heuristic measures to approximate an intuitive concept of concavity.
This paper introduces an efficient method for shape decomposition using Poisson equation to present a meaningful shape from convex parts. Each shape is represented by either independent or overlapped convex shapes. Our study is mainly focusing on decomposition of 2D objects into simple basic convex contours to produce more complex meaningful shapes. We can generally assume that two basic convex object contours have a common region for implementing a joint operation that will produce more complex contour that may not be convex.
Ⅱ. Shape representation
The human visual system associates new shapes with previously encountered similar ones. The decomposition of contours into partial objects is useful for many applications, where matching global shapes could be achieved by matching partial contours.
The existing decomposition methods can be classified into either boundary-based or region-based [19] .
A convex hull is the shape that completely encloses a set of points with the fewest number of perimeter nodes. There are two main properties of convex hulls that should be explored. One of these properties is that all of the points in the final polygon must be convex (indented outwards). It is well known fact that the convex path is shorter than the concave path. A convex shape is a simple and basic shape that does not have any concavities [20] . If an object is not convex, it can be segmented into convex shapes. The segmented convex shapes can be used to generate the original non convex shape by finding the common region for rejoining each two adjacent convex shapes. The rejoining process is repeated until all convex shapes are rejoined. For example, an object that consists of two parts is shown in Fig. 1(a) . The two parts could be segmented using their contours as shown in Fig.1(b) .
We used the symmetry property of objects to obtain the contours. That is, if the object is not convex shape, it can be decomposed by simpler shapes that are convex. In this decomposition, there is no unique solution for the overlapped regions. Another example is shown in Fig. 2 , where the non-convex shape in Fig. 2(a) can be decomposed into two simpler basic convex shapes as shown in Fig. 2(b) .
In this decomposition there is a unique overlap region.
Ⅲ. Convex contours from Poisson equation
Consider a silhouette S embedded in a grid with ∆    
with (x, y) Î S, subject to Dirichlet boundary condition U(x, y) = 0 at the bounding contour ∂S. 
Ⅳ. Decomposition using Convex Shapes
In the previous section we obtained convex contour 
Ⅴ. Results and evaluations
We tested the proposed algorithm using several silhouette images, as shown in Fig. 6 . We coded the algorithm in MATLAB. We used the x-y coordinates of the image edges as an input to solve Poisson equation in Matlab. The sequential nature of our algorithm resulted in more than expected processing time. However, the 
Ⅵ. Conclusion
We proposed a new shape decomposition technique for 2D silhouette images by solving Poisson equation.
The proposed decomposition transforms any non convex shape into combination of basic convex shapes.
Our main assumption is that any shape possesses some convex properties and hence can be decomposed by some basic conve x shapes. We tested our algorithm with several images. The results showed that the proposed shape 
